Investigation of chondrocyte responses to cytokines and other environmental signals in health and disease is greatly hindered by their phenotypic instability in culture. In the present study chondrocytes were immortalized in an attempt to stabilize the phenotype. Of interest, mature articular chondrocytes were immortalized, instead of embryonal cells which were used in most studies. Moreover, to preserve the differentiated phenotype, cells were cultured in a three-dimensional carrier, in alginate beads.
cells/ml). The following parameters were used to characterize their phenotypes: Appearance in histological sections. Effect of 10 ng/ml interleukin-l(IL-l) on proteoglycan synthesis as measured by 35 S-sulphate incorporation. Effect of IL-1 on nitric oxide production. Messenger RNA levels of collagen types I, II, and X determined using RT-PCR. Deposition of collagen types I, II,and X and of alkaline phosphatase in alginate beads as demonstrated by immunolocalization on cryosections.
Results:
Sixteen cell lines were obtained, ten (P1 to P10) derived from patellar cartilage, and six (H1 to H6) from femoral head cartilage. Microscopical examination of the chondrocytes in sections of plastic-embedded alginate beads showed that after two-weeks culture all chondrocyte cell lines had developed clusters of rounded cells in alginate beads. No clear pericellular matrix could be demonstrated using alcian blue staining, except in the H5 line. However, this cell line needed 2 months to produce amounts of pericellular matrix that were comparable to amounts produced around bovine chondrocytes in alginate beads during one week. Effects of IL-1 on proteoglycan synthesis varied between 90% suppression and 47% stimulation. Suppression comparable to that in normal murine articular cartilage (50%) was found in cell lines P2, P5, P8, H1, H3, H4, H5, and H6. IL-1-induced NO production ranghed from 10 to 40 nM per 10 6 cells in 24 hours. Interestingly, cell lines P5, P10, and H5 produced NO (10nM) without stimulation by IL-1. RT-PCR showed that mRNA levels of collagen types I and X did not differ from levels found in normal murine cartilage(2). However, mRNA levels of type II collagen ranged between the level of normal murine cartilage and 500 times lower levels. High levels were found in cell lines P2, P5, P6, P7, H1, H3, H4, and H5. Moreover, there were differences in the relative amounts of the embryonal proform IIA, and the mature, smaller collagen type IIB. Normal murine cartilage contains mainly the the IIB type mRNA, but all cell lines produced both types, although in different proportions. Relatively high levels of collagen type IIB were present in cell lines P2, P3, P5, P6, and H1-H6. If cells were cultured in monolayer, instead of alginate beads, a shift to the immature type IIA collagen mRNA was found. Immunolocalization demonstrated that collagen types I and X were produced in all cell lines (and in normal murine cartilage). Production of collagen type X did not necessarily mean that cells were hypertrophic, because only cell line P7 and to a lesser extent P2, P6, P8 and P10 produced alkaline phosphatase. Collagen type II protein expression was found in cell lines P2, P3, P5, P6, P7, H1, H3, H4, H5, and H6, with highest amounts present in H1 and H5. Table 1 shows that cell lines with dedifferentiated phenotype markedly deviate from normal murine chondrocytes for all the chosen parameters. On the other hand, several lines of immortalized cells appear very similar to normal murine chondrocytes for all the chosen parameters. 
Conclusions:
From adult murine cartilage we developed 16 chondrocyte cell lines with different phenotypes ranging from dedifferentiated to hypertrophic chondrocytes. We could define 7 cell lines (P2, P5, H1, H3, H4, H5, H6) showing values indicating a differentiated phenotype for all parameters used. Culturing in alginate appeared to promote the differentiated phenotype.In the other cell lines the response to IL-1, the level of collagen type IIB mRNA expression, and level of production of collagen type II protein all deviated from values found in normal murine cartilage, indicating that these parameters can be used to define the differentiated phenotype. Now we have a set of characterized murine articular chondrocyte cell lines which can be useful in investigation of the mechanisms involved in chondrocyte differentiation. 
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